There have been several trends in orthopaedic research publications. Authorship proliferation in publications has occurred with more authors per article along with an increase in the proportion of nonclinician scientists 1, 2 . The level of evidence has also improved 3, 4 . Geographic diversity has increased, with more publications from countries outside of the United States 2, 4 and more multinational collaboration 2 . There has also been concern that publication bias exists in orthopaedic journals toward positive-outcome studies 5, 6 . To our knowledge, no information has assessed whether these trends apply to shoulder research, and a critical assessment of the characteristics and trends of clinical shoulder research has not been published.
Materials and Methods
We completed a PubMed search (http://www.ncbi.nlm.nih.gov/pubmed) of all The Journal of Bone & Joint Surgery (JBJS) publications over a ten-year period, 
between January 1, 2004, and December 31, 2013, using the key word shoulder. The PubMed search (completed on January 6, 2014) yielded 575 articles. We completed a separate search on the JBJS web site (http://jbjs.org) (January 6, 2014) under the "Browse by" feature using Shoulder, which yielded 546 articles. A single reviewer (B.J.M.) excluded duplicates and screened all titles and abstracts to determine eligibility. All scientific articles and Evidence-Based Orthopaedics articles were evaluated for inclusion. Exclusion criteria included cadaveric and computer-modeling studies, basic science articles (in vitro studies and nonhuman studies), pediatric studies (studies focused on patients younger than eighteen years of age), articles on clavicle and humeral shaft fractures, and articles from selected Instructional Course Lectures, Case Reports, Current Concepts Reviews, The Orthopaedic Forums, Topics in Training, Specialty Updates, Commentary and Perspectives, Editorials, Ethics in Practice, Surgical Techniques, JBJS Classics, Expressions of Concern, and Book Reviews. A total of 347 articles were excluded, leaving 228 clinical shoulder articles of the 575 articles that met the inclusion criteria. Among the 347 excluded articles were Current Concepts Reviews, Instructional Course Lectures, and reviews (sixty-one articles); articles on cadavers and computer modeling and simulation (forty-six articles); commentaries and author replies (forty-six articles); case reports (thirty-three articles); basic science articles (nine articles); articles on the clavicle, elbow, forearm, wrist, hand, spine, and lower extremity (ninety-nine articles); articles on surgical techniques (thirty articles); and other articles (twenty-three articles). The articles were assessed by title, year of publication, number of citations (as determined by Thomson Reuters Web of Science and Google Scholar), authorship, academic degrees of the authors, country and institution of origin (including academic or private institution), shoulder topic, level of evidence, positive or nonpositive outcome, and inclusion of patient-reported outcome measurement tools. Two authors (B.J.M. and R.Z.U.) reviewed all 228 eligible articles, and the senior author (G.M.G.) served as a third reviewer and referee for any disagreements.
Determination of the number of citations per article was completed with use of Thomson Reuters Web of Science, a proprietary product 7 . We also determined the number of citations per article with use of Google Scholar 
CHARACTERISTICS OF CLINICAL SHOULDER RESEARCH I N JBJS OVER T H E PAST DECADE
We determined each author's educational background with use of previously described methods . The evaluation of positive or nonpositive conclusions was based on previously described methods 9 . A positive study was one with a conclusion that favored the experimental method in the study over the standard of care. A negative study was one with a conclusion that favored against the experimental method compared with the standard of care. A neutral study made no judgment, either positive or negative, or found no difference between the experimental method and the standard of care. Negative and neutral findings were considered together for calculations and were referred to as nonpositive.
Patient-reported outcome measurement tools were assessed for studies evaluating clinical outcomes. Radiographic studies and short-term diagnostic studies were not considered eligible for evaluation of patient-reported outcomes. We identified 167 of 228 articles that were eligible for inclusion of patient-reported outcomes. The determination of validated or nonvalidated outcome measures was determined by prior publications that were completed to determine validity of the scoring system 10 .
Statistical Analysis
All analyses were based on yearly totals for number of authors, academic degrees of the authors, level of evidence, and positive results reporting bias. Chisquare tests were utilized to determine whether count data differed between publication years. The significance level was set a priori at p < 0.05.
Source of Funding
There was no external funding source for this investigation.
Results

Most-Cited Articles
A total of 228 eligible shoulder articles were identified among 575 articles. The top ten most-cited articles in the last decade according to Web of Science were highlighted (Table I) . The most-cited article, by Galatz et al. 11 , "The Outcome and Repair Integrity of Completely Arthroscopically Repaired Large and Massive Rotator Cuff Tears," was cited 495 times according to Web of Science (forty-five citations per year) and was the third most-cited study among all JBJS articles in the last decade.
The top-ten list for most-cited articles according to Web of Science was compared with the top-ten list for citations according to Google Scholar (Table II) Manuscripts by number of authors per year. 
CHARACTERISTICS OF CLINICAL SHOULDER RESEARCH I N JBJS OVER T H E PAST DECADE
Authorship
The average number of authors per article over the last decade was 5.11. Orthopaedic literature has shown a trend toward an increase in the number of authors per article in the last sixty years 2 , but this trend was not significant over the last decade for JBJS shoulder articles (p = 0.218). The average number of authors per article was lowest in 2007, at 4.68 authors, and highest in 2011, at 5.57 authors, but this was not significant. There were only eleven articles during the decade with one or two authors (Fig. 1) .
We identified the first and last author from eligible clinical articles and compiled a list of all first authors, all last authors, and a combination of both first authors and last authors. We provided a top-ten list for each category (Tables III, IV , and V). Prior studies have only determined authorship on the basis of the first author only; however, this likely underreports the impact of senior authors, who are often listed as the last author 7, 12 .
Academic Degrees of Authors and Level of Evidence
The academic degrees of the authors indicated a trend toward more nonclinician scientists and MDs with additional degrees. From 2004 to 2013, shoulder articles that included an author with an advanced research degree (MD with a PhD or other advanced degree) increased (p = 0.047) over articles that included only clinical MDs; in the thirteen articles in 2004, there were six articles (46%) that included an author with an advanced research degree and seven articles (54%) that included only clinical MDs, but in the thirty articles in 2013, there were eighteen articles (60%) that included an author with an advanced research degree and twelve articles (40%) that included only clinical MDs.
Of the 228 studies, over the study period, the percentage of Level-I studies was 18.0% (forty-one studies), with a slight increase in Level-II studies at 18.9% (forty-three) and Level-III studies at 9.2% (twenty-one) and a decrease in Level-IV studies at 53.9% (123). These trends had large year-to-year variations, making the overall changes nonsignificant. Level-I, II, and III studies were more likely to have an author with an advanced research degree (MD with a PhD or other advanced degree) than were Level-IV studies, which were more likely to have authors with MDs only (p = 0.03) (Fig. 2) . Overall, the authors had an MD only (74.1%), an MD with additional degrees (8.7%), a PhD (6.0%), or other degrees (11.2%).
Country and Institution of Origin
Of the 228 eligible articles, the country of origin for the articles was most commonly the United States, at 57.5% (131 articles). European countries were the second most common countries of origin, publishing articles at 28.1% (sixty-four articles), with France contributing the largest share, at 8.3% (nineteen articles). Academic departments accounted for the majority of published articles, at 75% (171 articles).
Topics
The most common topic was rotator cuff, at 28.1% (sixty-four articles), and the second most common topic was total shoulder arthroplasty, at 18.9% (forty-three articles) (Table VI) . e26 (5) T
Positive or Nonpositive Studies
The majority of the studies were nonpositive studies, at 57.0% (130 articles). There was no positive-outcome publication bias over the last decade (p = 0.170).
Patient-Reported Outcome Measurements
Overall, there was great variability of outcome measurements utilized, with at least thirty-nine different validated or nonvalidated outcome measurement tools reported in 167 eligible articles. Of these 167 articles, at least one validated patientreported outcome measurement was utilized in 139 articles (83.2%), two validated patient-reported outcome measurements were used in fifty-one articles (30.5%), and three or more validated patient-reported outcome measurements were used in twenty-eight articles (16.8%). Outcome measurement tools are noted in Table VII , including the most commonly used outcome measurement tool, the Constant score, in sixty articles (35.9%).
Discussion
Trends in shoulder research published over the last decade in JBJS have indicated an improvement in the level of evidence.
Articles with a higher level of evidence were more likely to have an author with an advanced research degree. There was no positive-outcome publication bias over the last decade. Finally, there was great variability in outcome measurement instrument utilization.
Level of Evidence
In 2003, JBJS began requiring authors to provide a level of evidence rating for every clinical article, and the rating is confirmed by the editors 8 . The effort was introduced to help improve quality of clinical research and to allow periodic reporting of trends 8 . Level of evidence has been shown to be an independent predictor of acceptance for publication in JBJS . Similarly, The American Journal of Sports Medicine had an increase in Level-I and II studies, from 9.4% in 1996 to 23.0% in 2011 4 . Trends for journals have indicated a shift toward an increase in the level of evidence, but it not clear whether this trend necessarily applies to orthopaedic subspecialties. The majority of clinical foot and ankle articles over the last decade from six orthopaedic journals were Level-IV studies (70.1%), with only 9.4% Level-I studies 13 . Our data indicated a high percentage of Level-I shoulder studies (18.1%) over the last decade in JBJS, which is consistent Nineteen other measurements used in only one article each 1 (0.6) Varied *The values are given as the number of articles that used each outcome measurement, with the percentage in parentheses. Some articles utilized more than one outcome measurement tool, so the summation of percentages is >100%.
with the recent improvements seen with the number of published Level-I studies among all orthopaedic topics in JBJS as well as the recent increased emphasis on evidence-based medicine 3 . The percentage of Level-I shoulder studies was also higher than the percentage reported in foot and ankle articles 13 .
There was a higher percentage of shoulder publications with Level-I and II evidence (37.1%) than in the recently reported data for The American Journal of Sports Medicine publications 4 . To our knowledge, there have been no prior orthopaedic studies showing a correlation between authors with advanced research degrees and an improvement in the level of evidence.
Authorship
Orthopaedic literature has shown a trend toward increased authorship 2 , but our data indicated that this trend has not continued over the last decade in JBJS shoulder articles. Authorship has been labeled as the currency of academic medicine and is used as a way to improve admission to medical school and residency, to obtain research grants, and to gain promotion 2 . Some believe that the increase in authorship, especially the addition of physicians with advanced degrees and nonphysician scientists, may indicate an improvement in the complexity of research questions and study design 2 .
Positive or Nonpositive Outcome
There is a discrepancy regarding positive-outcome publication bias in orthopaedics. A study analyzing 1181 manuscripts submitted for publication to JBJS reported no evidence for publication bias 9 . Positive and nonpositive studies were accepted at similar rates 9 . However, a separate study found that 210 peer reviewers for JBJS and Clinical Orthopaedics and Related Research were more likely to recommend publication of a positive version of a fabricated manuscript over an otherwise identical nodifference version 5 . Our data did not find a positive-outcome publication bias in JBJS shoulder articles over the last decade, and the majority of the studies represented nonpositive outcomes.
Most-Cited Articles, Top Authors, and Topics
We utilized both Thomson Reuters Web of Science and Google Scholar to determine the number of citations for each article. Thomson Reuters Web of Science is a proprietary product, but Google Scholar is free. There are critiques of both search tools, with no clear better tool for determination of citations 14 . Web of Science has been widely utilized in the orthopaedic literature to determine the number of citations 7, 12, 15, 16 . Web of Science reported approximately half the number of citations per article compared with Google Scholar in our search; however, both search tools matched on nine of the top ten most-cited articles. Ultimately, both search engines only determine the number of times that an article is cited, which does not necessarily determine the true impact or merit of each individual article.
We highlighted the most-cited shoulder articles and the most-published first and last authors in the last decade in JBJS. There have been several recent publications highlighting similar compilations based on the most-cited articles across multiple orthopaedic journals for pediatrics, trauma, hand, and shoulder 7, 12, 15, 16 . The number of citations and the number of publications alone do not completely account for the impact or merits of individual researchers.
The most common shoulder topics in the last decade, rotator cuff and shoulder arthroplasty, were not surprising, especially with growing interest and research regarding reverse shoulder arthroplasty since its approval by the United States Food and Drug Administration (FDA) in 2003. An awareness of shoulder topics published may help to identify areas in which deficiencies exist and growth is needed. 
Country of Origin
Patient-Reported Outcome Measurements
There has been an increase in utilization of patient-reported outcome measurements in orthopaedics, but there continues to be considerable inconsistency in the application of these outcome tools 13 . A study analyzing 878 clinical foot and ankle articles from six orthopaedic journals from 2002 to 2011 showed that 139 unique clinical outcome measurements were used 13 . Our data indicated great variability in the outcome measurements utilized in shoulder articles over the last decade in JBJS. A consensus is needed in shoulder research regarding outcome measurement tool utilization.
Strengths and Limitations
It is possible that important articles were inadvertently omitted or were not identified in our original search. Our strict inclusion and exclusion criteria established a priori may have excluded important shoulder-related articles, including cadaveric, computer-modeling and simulation, and basic science studies. It is also possible that we may have missed some of the trends that occurred one to two decades prior to our study period. Another potential limitation is the classification of academic compared with private. There are private practices that participate in resident and fellowship training. For the purposes of this study, we limited the academic distinction to institutions that lead a residency training program. Furthermore, highlighting articles by the number of citations can be misleading, as authors or institutions may frequently cite their own articles, causing inflation in the number of citations. Another limitation of the study was that only JBJS articles were evaluated and the study may not reflect the overall trends in publications of shoulder research in other journals. The American Journal of Sports Medicine and Arthroscopy: The Journal of Arthroscopic and Related Surgery, among others, also publish shoulder research but do not usually include shoulder arthroplasty or fracture topics. The Journal of Shoulder and Elbow Surgery is a shoulder subspecialty journal that may also have a different focus than JBJS has. e26 (7) In conclusion, overall trends in clinical shoulder surgery publications over the last decade in JBJS indicate an improvement in the level of evidence corresponding to recent increased emphasis on evidence-based medicine. Articles with a higher level of evidence were more likely to have an author with an advanced research degree, reflecting the complexities of this type of research. A consensus is needed in shoulder research for more consistent application of validated patient-reported outcome measurement tools. n
